Synthesis and Antibacterial Study of Sulfobetaine/Quaternary Ammonium-Modified Star-Shaped Poly[2-(dimethylamino)ethyl methacrylate]-Based Copolymers with an Inorganic Core.
Cationic polymethacrylates are interesting candidates for bacterial disinfectants since they can be made in large-scale by various well-established polymerization techniques such as atom transfer radical polymerization (ATRP). However, they are usually toxic or ineffective in serum and various strategies to improve their biocompatibility or nonfouling property have often resulted in compromised bactericidal activity. Also, star-shaped polymers are less explored than linear polymers for application as antibacterial compounds. In this paper, star polymers with poly[2-(dimethylamino)ethyl methacrylate] (PDMA) as the arms and polyhedral oligomeric silsesquioxane (POSS) as the core (POSS-g-PDMA) were successfully synthesized by ATRP. The minimum inhibition concentrations (MICs) of the synthesized POSS-g-PDMA are in the range of 10-20 μg/mL. POSS-g-PDMA was further modified by various hydrophilization strategies in attempting to reduce hemolysis. With quaternization of POSS-g-PDMA, the antibacterial activities of the obtained quaternary polymers are almost unchanged and the copolymers become relatively nonhemolytic. We also copolymerized sulfobetaine (SB) with POSS-g-PDMA to obtain random and block PDMA-co-PSB arm structures, where the PDMA and poly(sulfobetaine) were the cationic and zwitterionic blocks, respectively. The random cationic-zwitterionic POSS-g-(PDMA-r-PSB) copolymers showed poor antibacterial activity, while the block POSS-g-(PDMA-b-PSB) copolymers retained the antibacterial and hemolytic activity of the pristine POSS-g-PDMA. Further, the block copolymers of POSS-g-(PDMA-b-PSB) showed enhanced antifouling property and serum stability as seen by their nanoparticle size stability in the presence of serum and reduced red blood cell aggregation; the POSS-g-(PDMA-b-PSB) also somewhat retained its MIC in blood unlike the quaternized or random zwitterionic copolymers. The antibacterial kinetics study showed that Escherichia coli can be killed within 30 min by both random and block copolymers of POSS-g-(PDMA-co-PSB). Finally, our POSS star polymers showed low toxicity to zebrafish embryo and could be potentially used in aquaculture antibacterial applications.